Numerical experiments are performed in order to present the influence of crack on wave propagation.
WAVE MOTION IN MULTILAYER COMPOSITE BEAM
The multilayer composite beam with a crack is shown in Fig. 1 
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where: u and w are the axial and transverse displacemenets. φ denotes independent rotation along χ axis, and w" is the transverse displacement along χ axis. 
whereas the coefficient associated with the inertial terms can be expressed as follows: Since there are two independent variables w° and φ the following solutions are assumed:
MULTILAYER COMPOSITE BEAM SPECTRAL ELEMENT WITH TRANSVERSE CRACK
A spectral multilayer composite beam finite element
with a transverse open and non-propagating crack (crack velocity equal to zero) is presented in Fig. 2 . The length of the element is L, and its area of cross-section is A. The crack is substituted by a dimensionless and be calculated as a function of the nodal spectral displacements using the following boundary conditions:
• at the left end of the element
where: L| denotes the location of the crack, L is the total length of the beam, R" is the amplitude ratios given by
111:
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The wave numbers k, and k 2 are the roots of the
• at the crack location (total change of displacements and rotation angle, compatibility of bending moments and shear forces):
• at the right end of the element
Taking into account the formulas describing the nodal spectral displacements for the left and right part of the Timoshenko beam, the boundary conditions can be written in a matrix form as:
where:
with: by differentiating the spectral displacements with respect to x, and then can be expressed in the matrix form as follows:
Taking into account relations (15) and (17) 
with the same meaning of the symbols as in Eq. 10.
After using similar boundary conditions the unknown coefficients Ε and F can be obtained and written in the form:
The obtained nodal spectral forces can be written in the matrix as follows:
The frequency dependent dynamic stiffness matrix (2x2) for the composite throw-off element can be obtained from the above mentioned formulas. (Figures 7-9 ). For this example it was assumed that the crack depth was equal to 10% of the beam height, the volume of glass fibres and ply angle were the same as in the previous example. Figure   ( (Fig. 7) distance from the excitation point in comparison with the crack placed nearer (Fig. 9) . This remark may suggest that the proposed model is suitable for analysing In this example the crack was located in the middle of the beam with a depth equal to 10% of the beam height.
With constant ply angle (45/-45 degrees) three different
volumes of glass fibres were tested -5% (Fig. 10) , 15%
( Fig. 11) and 25% (Fig. 12) . It can be observed that waves in material with a bigger volume of fibres propagate faster (Fig. 12 ) than in material with a smaller amount of fibres ( 
APPENDIX A
The mechanical properties of unidirectional composite materials are calculated using the following formulae /14/:
with the lower index f denoting fibres and the lower index m denoting a matrix of a composite, Ε is Young's modulus, G is the shear modulus, ν denotes the Poisson ratio, Φ is the fibre volume fraction and lower indexes 1,2,3 denote material principal axes system connected with the fibres of the composite.
In cases when the geometric axes are rotated through γ degrees with respect to the material principal axes, terms of the strain-stress matrix are given as / 
APPENDIX Β
The terms c,j of the flexibility matrix ofa linearelastic body can be determined making use of the Castigliano theorem in the form:
where: U is the elastic strain energy of elastic body, Pi -P, denote independent forces acting on the body.
In the case of the composite beam presented in 
